Large-scale thermal plasma redistribution phenomena have been observed from the ground and space during the major geomagnetic storms of the recent solar cycle. Plasma redistribution is a multistep, systemwide process involving the equatorial, low, mid, auroral, and polar latitude regions. Penetration electric fields enhance the equatorial ionization anomaly peaks, whereas polarization electric field effects at the dusk terminator redistribute the low-latitude total electron content (TEC) in both longitude and latitude. Magnetic field geometry creates a preferred longitude for the enhancement of low-and mid-latitude TEC in the American sector at sunset. This TEC enhancement forms a localized source for the intense storm enhanced density (SED) erosion plumes that are observed over the Americas during major storms. A second set of storm-time processes leads to the erosion of the plasmasphere boundary layer, transporting the SED plumes to the noontime cusp in the ionosphere and to the dayside magnetopause at high altitudes. Ring current enhancements generate strong poleward-directed subauroral polarization stream (SAPS) electric fields in the evening sector as field-aligned currents close through the low-conductivity ionosphere. The SAPS electric field overlaps the outer plasmasphere, drawing out the SED/plasmasphere erosion plumes. These greatly enhanced fluxes of cold plasma traverse the cusp and enter the polar cap forming the polar tongue of ionization and providing a rich source of heavy ions for the magnetospheric injection and acceleration mechanisms that operate in these regions.
PREAMbLE
Thermal plasma redistribution during major geomagnetic disturbances is a multistep, systemwide process involving the equatorial, low, mid, auroral, and polar latitude regions. During the preceding solar maximum, IMAGE extreme ultraviolet (EUV) space-based imagery [Sandel et al., 2001] revealed dramatic storm-time erosion of the plasmasphere and the formation of the tails or drainage plumes that had been predicted in early studies modeling the interaction of the disturbance electric field with the plasmasphere [e.g., Chen and Grebowsky, 1974] . Mid-latitude ground-based observations revealed the characteristics of a number of related ionospheric phenomena [e.g., Mendillo, 1973; Foster, 1993] , whereas a study by Su et al. [2001] drew the connection between the ionospheric observations, plasmaspheric tails, and the large-scale redistribution of thermal plasma in the magnetosphere.
A series of studies addressing the characteristics and causes of thermal plasma redistribution, and their space weather effects, has been undertaken by the research team at MIT Haystack observatory. This focused review provides an overview of the picture of storm-time plasma redistribution developed in this prior body of work. Global imaging from the ground using distributed GPS total electron content (TEC) observations and from space by the IMAGE EUV and far ultraviolet instruments has provided two-dimensional snapshots of the plasma distribution at ionospheric and plasmaspheric heights, and of their temporal evolution during disturbed conditions. Incoherent scatter radar (ISR) and overflights with the DMSP satellites give details of plasma convection velocities and altitude/spatial distributions. A system perspective involving the role of ionosphere-magnetosphere-heliosphere coupling in shaping and controlling these important space weather phenomena is developed through a synopsis of the MIT and related publications available through the year 2007.
InTRoDUCTIon
Earth's ionosphere responds dramatically to severe geomagnetic storms. Coupled closely to the neutral thermosphere and the overlying magnetosphere, storm-time ionospheric effects appear with a wide variety of scale sizes, characteristics, time histories, and associated drivers. Recent studies highlighting the disturbance effects observed in the ionosphere and magnetosphere during geomagnetic disturbances, and their space weather effects, have heightened interest in the processes occurring in the plasmasphere boundary layer (PbL) [Carpenter and Lemaire, 2004] , the boundary between the corotating field lines of the plasmasphere and the processes of the outer magnetosphere. During storms, the effects of magnetospheric electric field and ExB plasma convection extend deep into the mid-latitude ionosphere. At the PBL, strong electric fields contribute to the formation of the deep mid-latitude density trough that spans the nightside, whereas penetration electric fields uplift, destabilize, and perturb the low-latitude ionosphere. Equatorward of the ionospheric trough, large increases in the midlatitude ionospheric F-region electron density and TEC are often observed in local dusk sector during magnetic storms [e.g., Mendillo, 2006] . Early investigations [e.g., Evans, 1973; Mendillo, 1973] proposed that an uplifting of the F layer by an eastward electric field and convergence in the east-west direction might be responsible for such dusk effect mid-latitude TEC enhancements.
SToRM EnHAnCED DEnSITy
Foster [1993] examined Millstone Hill ISR observations and found that recurring localized dusk-sector TEC enhancements observed at the PbL in disturbed conditions were associated with sunward convection (toward noon and poleward at ionospheric heights) of high-density plasma originating from lower latitudes. These sunward-convecting density enhancements at the equatorward edge of the dusk-sector ionospheric trough are termed storm enhanced density (SED) [Foster, 1993] . Plate 1 presents a cross section of one such SED feature observed with a Millstone Hill ISR elevation scan. F-region TEC (calculated for the ISR density-altitude profiles) approached 100 TEC unit (TECU; 1 TECU = 10 16 el m -2 ) within the SED plume and sharp TEC gradients (~50 TECU/deg latitude) were observed bordering the SED feature [Vo and Foster, 2001] .
GPS TEC measures the integrated column content of cold electrons through the ionosphere and overlying plasmasphere to an altitude of ~20,000 km (~4 Re) [Coster et al., 2003] . Plate 2 [from Foster et al., 2005a] presents in polar projection a GPS TEC map of the spatial extent of the strong plume of SED seen during the 31 March 2001 event discussed by . The SED plume stretches from a region of enhanced TEC in southeastern United States, poleward to the limit of the GPS observations near the noontime cusp over north central Canada. At right, we have used the Tsyganenko [2002] magnetic field model to project the ionospheric footprint of the TEC observations into the magnetosphere equatorial plane. The SED plume maps into a narrow drainage plume reaching sunward from the greatly eroded plasmapause position near L = 2 to the dayside magnetopause near noon (noon is at the right of the figure) . The strength of the plume, its position, and related magnetospheric and ionospheric effects depend on both the cold plasma source of the SED material and the characteristics of the electric field that transports it.
The overall storm-time enhancement of TEC at low and mid latitudes consists of two parts (as shown schematically in Plate 3 from Foster et al. [2005a] ). First is the increase in TEC seen at and poleward of the crests of the equatorial anomalies associated with plasma uplift and redistribution from low to mid latitudes under the influence of the penetration electric field [e.g., Tsurutani et al., 2004] . This occurs inside the PbL and serves as an enhanced source population for the second TEC feature, the plumes of SED that are eroded from the lower-latitude ionosphere/plasmasphere by magnetospheric disturbance electric fields. This process produces narrow plasmasphere drainage plumes [Sandel et al., 2001] , whose extent along magnetic field lines stretches between the plasmasphere and the ionosphere [e.g., Chi et al., 2005] . Cold plasma within the plumes is streaming sunward across magnetic field lines toward the cusp (at low altitudes) and the dayside magnetopause (at high altitudes) accounting for significant storm-time thermal plasma redistribution in the coupled ionosphere-magnetosphere system. Plate 1. Isodensity contours observed by the Millstone Hill radar scanning n-S across a region of strong storm enhanced density (SED) near local noon are presented with as a function of geodetic latitude (invariant latitude = geodetic latitude + 11°). F region total electron content (TEC) and TEC gradient across the region are derived from the radar elevation scan and are shown in the bottom panels. The 8 February 1986 event represents a severe example of the ionospheric density perturbation that can occur over the continental United States associated with SED plumes. TEC near 48°n geodetic latitude is ~100 TECU with latitude gradient in TEC of ~50 TECU/deg [from Vo and Foster, 2001] . Plate 3. The dual effects of disturbance electric fields are presented schematically. Undershielded penetration electric fields uplift the equatorial ionosphere redistributing equatorial plasma poleward, whereas SAPS electric fields strip away the enhanced outer layers of the plasmasphere [from Foster et al., 2005a] .
Plate 4. Combined GPS TEC and convection observations are displayed in polar projection (mag lat/MLT coordinates; 10° latitude circles; with noon at the top). log 10 vertical TEC observations binned by lat/long at 350-km altitude are displayed with the simultaneous, independent convection pattern derived from combined Super Dual Auroral Radar network and DMSP observations. Ion drift meter cross-track velocity data from a transpolar cap DMSP pass are shown, indicating antisunward convection above 60° latitude spanning the polar region. A plume of elevated TEC follows the convection contours back across the polar cap from the dayside cusp forming the polar tongue of ionization [from Foster et al., 2005b] .
RADAR obSERVATIonS oF SED PLUMES
The MIT Millstone Hill ISR, located at 55°L (invariant latitude) near the ionospheric projection of the plasmapause and the PbL, regularly observes SED in the premidnight subauroral ionosphere during the early stages of magnetic disturbances [Foster, 1993] . These high-TEC plumes of ionization are seen in the premidnight and afternoon sector at the equatorward edge of the main ionospheric trough and stream sunward carried by the low-latitude edge of the subauroral disturbance electric field (the subauroral polarization stream [SAPS]; Foster and Burke [2002] ; Foster and Vo [2002] ). Combining ground-and space-based thermal plasma imaging techniques, demonstrated that one such ionospheric SED plume mapped into the low-altitude signature of a plasmasphere drainage plume associated with the storm-time erosion of the PbL. Foster et al. [2004] used direct observations of the sunward ExB advection to quantify the flux of ions carried to the noontime cusp F region ionosphere by the SED plume (~10 26 ions/s), amounting to a tenfold enhancement of the ionospheric source plasma available to cusp acceleration and injection mechanisms. Foster et al. [2005b] combined ISR observations from Millstone Hill, Sondrestrom, and European Incoherent Scatter, with Super Dual Auroral Radar network HF radar mapping and DMSP simultaneous observations to reveal how the SED plume carrying low-latitude material to the cusp enters the polar cap forming a high-TEC tongue of ionization (ToI) spanning polar latitudes from noon to midnight (cf. Plate 4 from Foster et al. [2005b] ).
ELECTRIC FIELDS
During the early phase of a geomagnetic storm, enhanced cross-tail electric fields drive plasmasheet particles inward. There is little shielding in place at the time, and the fields penetrate deep into the inner magnetosphere. Penetrating eastward electric fields are observed at mid and low latitudes in the postnoon sector [e.g., Foster and Rich, 1978] , driving the F region plasma upward and poleward in the ExB direction. At equatorial latitudes, the ionosphere is lifted and spreads poleward along the field lines in both hemispheres under the influence of gravity and plasma pressure to form the equatorial ion fountain and the enhanced plasma of the equatorial ionospheric anomaly (EIA) peaks. During extreme uplift events (e.g., March 1989 , Greenspan et al. [1991 ; July 2000, Basu et al. [2001] ; or 30 october , Mannucci et al. [2005a ; Tsurutani et al. [2006] ) the bottomside of the equatorial F region can rise above the 830-km altitude orbit of the DMSP satellites. Such drastic uplifting is seen preferentially at longitudes near the South Atlantic magnetic anomaly (SAA) and most often in the dusk sector [e.g., Basu et al., 2007] ).
The observed changes in low-and mid-latitude TEC in the American sector respond to the dual action of storm-time electric fields associated with inner-magnetosphere cold plasma redistribution (cf. Plate 3). An initial strong equatorial upwelling redistributes the low-latitude ionospheric plasma to higher-latitude flux tubes within the plasmasphere, resulting in enhanced levels of density on flux tubes in the PbL near the plasmapause. As the event progresses, a shielding layer is set up where the freshly injected ring current particles abut the plasmapause. The inward extent of the energetic ring current ions lies equatorward of the plasmasheet electrons, and region II currents are driven into the subauroral ionosphere. There, a strong poleward electric field is needed to drive poleward-directed Pedersen closure currents in the low-conductivity ionosphere equatorward of the precipitating auroral electrons. This SAPS electric field [Foster and Vo, 2002] overlaps the outer plasmasphere and draws out the SED/plasmasphere erosion plumes that stretch sunward from their dusk-sector source to the dayside cusp and magnetopause merging region .
SUbAURoRAL PoLARIzATIon STREAM
Electric fields are of prime importance in the formation and transport of storm-time ionospheric disturbances. The SAPS electric field refers to the region of enhanced poleward electric field that forms equatorward of electron precipitation in the dusk to midnight sector in disturbed conditions. often found embedded within the broader SAPS channel are narrow, intense subauroral ion drifts (SAID) [e.g., Anderson et al., 2001] . SAPS and SAID are features of the magnetospheric electric field whose characteristics are controlled by ionospheric conductance. SAPS forms as pressure gradients at the inner edge of the disturbance-enhanced ring current drive region 2 field-aligned currents into the evening-sector ionosphere. Large poleward-directed electric fields are set up to drive closure currents across the low-conductivity region equatorward of the auroral electron precipitation. Anderson et al. [2001] have demonstrated that the SAID electric fields are magnetically conjugate and extend along magnetic field lines into the magnetosphere. Observations of the SAPS phenomenon at ionospheric altitudes [Yeh et al., 1991; Foster and Burke, 2002; Foster and Vo, 2002] describe the occurrence characteristics and persistence of the SAPS electric field whose latitude extent spans the region between the electron plasma sheet and the outer reaches of the plasmasphere (the PBL). Significant magnetospheric effects occur as the SAPS electric field maps along field lines and is observed at higher altitudes [e.g., Rowland and Wygant, 1998; Burke et al., 1998] .
SAPS is strongest in the dusk/premidnight sector where it lies equatorward of and often distinct from the region of sunward ionospheric convection at auroral latitudes. It is the SAPS electric field that overlaps the PBL at the base of the erosion plumes, resulting in the erosion of the enhanced outer layer of the storm-time plasmasphere (see discussion below ). nearer to noon, the SAPS convection merges into the equatorward extent of the auroral convection [Foster and Vo, 2002] , bringing the SED plume at ionospheric heights into the dayside cusp .
In situ electric field data further characterize this subauroral feature and its extent to magnetospheric heights. One year of data from ISEE 1 was used by Maynard et al. [1983] to determine the average characteristics of the electric field from L of 2 to 6. Those data indicated a penetration of the convection field into L < 4 during disturbed conditions in the late evening and early morning sector. Rowland and Wygant [1998] studied in situ electric field data from CRRES for a 10-month period in 1991 and showed the presence of a localized region of enhanced electric field between L = 3 and L = 6 for Kp > 3. used magnetic field-aligned mapping between the ionosphere and the magnetosphere to intercompare ground-based observations of SED, and plasmasphere drainage plumes imaged from space by the IMAGE EUV imager, with the enhanced inner-magnetosphere/ionosphere SAPS electric field that develops during large storms. In this detailed comparison they found that the inner edge of the SAPS electric field overlaps the erosion plume and that plume material is carried sunward in the SAPS overlap region. Figure 1 , taken from Foster et al. [2007] , describes the Plate 6. Sunward ion velocity in inertial coordinates and in situ density are shown at the left for a DMSP F-14 pass at 830-km altitude through remnant enhanced TEC regions. The (negative) corotation speed is shown as the smooth curve in the leftmost panel. The position of the southern TEC enhancement at ~42°S latitude is nearly fixed in local time (zero velocity), with the earth rotating eastward under it. In the north, the enhancement near 24°N latitude approximately is corotating at this time of the event (see text for discussion). The enhancements are in magnetically conjugate locations and lie immediately inside the steep density gradient at the trough boundary that also is seen in the GPS TEC map at the right [from Foster and Coster, 2007] . overlap regions of SAPS and SED observed in the topside ionosphere by DMSP. The two phenomena, SED in the ionosphere and the erosion plume at magnetospheric heights, define a common trajectory for sunward-propagating cold plasma fluxes in the midnight-dusk-postnoon sector. The SAPS electric field abuts and overlaps both the PBL and the plasmasphere erosion plume from premidnight through postnoon local times. The SAPS channel at ionospheric heights and its projection into the equatorial plane serve to define the sharp outer boundary of the erosion plume.
TEC EnHAnCEMEnT AT THE bASE oF THE SED PLUME
Near sunset during the expansion phase of large geomagnetic storms, a localized enhancement of TEC takes place in the American longitude sector off the coast of Florida [Mannucci et al., 2005b] and in its magnetically conjugate region. These enhancements lie poleward of the crests of the equatorial ionization anomaly and on field lines mapping into the PbL. The onset of the enhanced TEC in these regions is described in Plate 5, which presents the time histories of the variation of vertical TEC in magnetically conjugate regions in the northern Caribbean SE of Florida ("Florida") and in southern Chile ("Chile") for the large storm of 15-16 July 2000 (taken from Foster and Coster [2007] ). Also shown is the variation of TEC at the magnetic equator, in the region of the SAA over eastern brazil. At the time of sharply decreasing Dst, TEC at the equator dropped sharply from >80 to <10 TECU and remained very low throughout the remainder of the interval. Vertical TEC over Chile and southeast of Florida track each other surprisingly well-clearly showing the simultaneity and similarity of the storm-induced enhancement in these localized regions in the two hemispheres. A dashed vertical line is shown at 21 UT, the time of the E-region sunset terminator at the brazilian site. both poleward and eastward components of the disturbance electric field are needed to account for the observed redistribution of cold plasma at low and mid latitudes inside the plasmapause [Kelley et al., 2004; Lin et al., 2005] . Foster et al. Foster and Coster [2007] make the case that such events involve the redistribution of cold plasma from low and mid latitudes in the vicinity of the SAA to produce localized enhancements of TEC on field lines mapping into the PbL in the region southeast of Florida, and in its conjugate region. Plasma uplift in the SED can retard recombination and permit additional TEC buildup if the SED region is in sunlight.
After their formation, the conjugate enhancements persist at American longitudes and corotate into the night sector. Plate 6, taken from the study of Foster and Coster [2007] , presents observations during the pass of the DMSP F14 satellite that crossed the magnetically conjugate GPS TEC enhancements at 24°n and 42°S latitude, observing a factor of 2-5 increase in in situ plasma density. observations of cross-track plasma drift made with the F14 ion drift meter (shown in the left panel) indicate that the enhanced TEC regions were approximately corotating in place over the positions in which they were formed earlier in the event.
The repeatability and geographic localization of these features suggest a longitudinal specificity for the process associated with their formation. Plasma redistribution from low latitudes into the base of the erosion plumes and its enhancement at longitudes near the SAA in the dusk sector suggest a UT dependence for the injection of ionospheric ions into the storm-time magnetosphere via the effects of strong plasmasphere drainage plumes. The long-lasting conjugate enhancements of TEC in the PbL at longitudes in the American sector serve as a corotating source for the erosion plumes of SED seen during such events. Foster et al. [2005b] demonstrate that the SED plumes pass through the cusp, filling the polar caps with dense tongues of heavy ions (ToI), and feeding processes that inject heavy ions into the magnetotail. A large flux of these cold ions will change the characteristics of the magnetosphere and may well alter the response of the magnetosphere to the developing magnetic storm-that is, they may alter the geoeffectiveness of the storm drivers. Foster et al. [2005a] speculate that the appearance of rich concentrations of ionospheric ions in the disturbance ring current in the latter phases of great storms indicates that plasmaspheric erosion/SED/ion injection may have preconditioned the magnetosphere before the final surges of particle injection that drive the storm-time Dst to extreme values during these events. It is possible that maximum negative Dst during the truly great storms (Dst < -300 nT) occur at similar UTs-that is, when the SAA has recently been in the dusk/bulge sector (20 UT-00 UT).
MAGnETIC ConJUGACy CHARACTERISTICS oF THE SED
The cold ionospheric and plasmaspheric material constituting the SED plumes is redistributed at ionospheric and magnetospheric heights by the actions of electric fields. intercompared simultaneous observations of ground-based TEC with Jason and ToPEX satellite TEC observations to investigate the magnetic conjugacy characteristics of the plumes and other storm-time density and TEC enhancements. They found that the TEC enhancements on inner-magnetospheric field lines at the base of the SED plumes exhibit localized and longitude-dependent features that are not strictly magnetically conjugate, whereas the SED plumes streaming away from these source regions closely follow magnetic conjugate paths, confirming that SED is a convection electric field dominated effect. The location and flow of the SED plumes can be used as a tracer of the extent and strength of disturbance electric fields.
Plate 7, taken from the study , demonstrates the close similarity in magnitude and location between the strong SED features that developed over the continental United States during the october 2003 superstorms [e.g., Foster and Rideout, 2005] and their magneticconjugate counterparts observed in the south Pacific sector by Jason TEC measurements. The figure maps ground-based GPS TEC observations in geographic coordinates. A red contour outlines the regions of elevated TEC observed in the northern hemisphere, and the magnetic conjugate projection of these contour lines is shown in the south. A heavy black line denotes the n to S orbital track of the Jason satellite. The magnetic conjugate of the Jason orbit has been calculated and is denoted by the heavy dashed black line. The conjugate orbit crosses north America, where good ground-based GPS TEC coverage was available, intersecting the regions of low-latitude TEC enhancement and the SED plume. To the left, is plotted the vertical TEC measured by Jason along its direct orbit (heavy black line) as a function of latitude along the orbital track depicted in the right panel. The conjugate to the poleward boundary of the SED plume is crossed near -60° latitude. Wherever the conjugate Jason orbit (dashed curve) intersects a region where there are GPS TEC data, the underlying values of GPS TEC are plotted point by point in the left-hand panel (red diamonds) at their corresponding conjugate latitudes, on top of the direct Jason TEC observations. In those regions, there is a direct comparison of TEC observed by Jason with the GPS TEC observed at magnetic conjugate points.
Conclusions of study include:
1. The SED plume occurs in magnetically conjugate regions in both hemispheres. 2. The position of the sharp poleward edge of the SED plume is closely conjugate. 3. The SAPS electric field is observed in magnetically conjugate regions (SAPS channel). 4. The strong TEC enhancement at the base of the SED plume in the North American sector is more extensive than in its magnetic conjugate region. 5. The entry of the SED plume into the polar cap near noon, forming the polar ToI, is seen in both hemispheres in magnetically conjugate regions. Foster et al. [2005a] observed that many of the strong enhancements of TEC in the Caribbean sector at the base of the SED plumes begin sharply near 21 UT, associated with the passage of the sunset terminator into the SAA. Foster and Erickson (J. C. Foster and P. J. Erickson, Ionospheric superstorms: Sunset terminator effects, submitted to Geophysics Research Letters, 2008, hereinafter referred to as Foster and Erickson, submitted manuscript, 2008) have investigated the cause of this effect. They show how the varying ionospheric conductivity at the ends of magnetic fields lines in the Atlantic sector can produce a greatly distorted dusk terminator effect. As a result, the polarization electric fields set up at the terminator in disturbed conditions sweep the stormenhanced EIA crest plasma westward and poleward, creating magnetically conjugate TEC enhancements at the base of the SED plumes that form in the American sector.
PoLARIzATIon TERMInAToR
A combination of the storm-time penetration electric fields, the effect of the reduced magnetic field strength in the SAA, and the geographic distortion of the magnetic field in the Atlantic sector contribute to the characteristics of the polarization electric fields at the sunset terminator. These combined effects lead to a strong localized enhancement of TEC at low to mid latitudes in the American sector during ionospheric superstorms. At dusk, polarization electric field effects begin on magnetic field lines when the E region at either end goes into darkness. Foster and Erickson (submitted manuscript, 2008) define polarization terminator (PT) to be the locus of points at a given altitude for which the E-region shadow height at either end of the magnetic field line equals 100 km. Electric fields associated with the charge buildup in the conductivity-gradient region due to the effects of winds or penetration electric fields are directed perpendicular to the PT and increase in magnitude as the PT is approached from the dayside.
Ground-based GPS observations of vertical TEC at 2040 UT on 15 July 2000 are shown in Plate 8 in geodetic coordinates, during the initial stages of the strong, magnetically conjugate enhancement of TEC (>200 TECU) in the American sector shown in Plate 5 (from Foster and Erickson, submitted manuscript, 2008) . Superimposed on the TEC map is a family of contours, each indicating the locus of points at 800-km altitude and 20:40 UT for which the E-region shadow height in either hemisphere along the local magnetic field line first exceeds a fixed value ranging from 50 to 500 km in 50-km intervals. This family of contours indicates the two-dimensional extent and orientation of the PT conductivity-gradient region at this specific time. The distorted geometry of the magnetic field at these longitudes, and the significant differences in solar zenith angle at the S and N hemisphere ends of the field lines, make the PT vary significantly from a simple N-S orientation. ExB plasma convection is parallel to the PT contours, indicating plasma redistribution westward and poleward from the vicinity of the EIA crests to offshore the Americas. The S-n trajectory of the DMSP F-13 satellite across the region of the SAA is shown as a heavy blue line. Superimposed on the orbital track is the in situ observation of plasma density observed by DMSP at 830-km altitude. Intense, spread EIA crests are seen at 15°n and 13°S latitude as DMSP crosses the PT.
Velocity observations with DMSP F-13 reported by Foster and Erickson (submitted manuscript, 2008) indicate that the enhanced EIA plasma shown in Plate 8 is being swept westward in geographic coordinates at exactly the speed of the terminator. The PT acts like a standing wave in inertial coordinates, with the earth rotating under it, and with the plasma of the EIA crests surf-riding the terminator wave westward and poleward across the Atlantic sector. The PT effect results in the pronounced magnetically conjugate enhancement of TEC shown in Plate 5.
In this manner, the particular configuration of the magnetic field in the Atlantic sector due to the offset of the poles and declination effects near the SAA creates a preferred longitude/Universal Time sector (western Atlantic/21 UT) for the buildup of enhanced TEC on field lines inside the dusk plasmapause. The electric fields associated with the PT sweep up the plasmas of the EIA crests from the Atlantic sector and redistribute it to the base of the erosion plumes and into the mid-latitude SAPS channels, contributing to the strength of the high total content SED plumes observed during strong storms in the American sector. This effect is strongest for northern hemisphere summer conditions, as experienced during the 15-16 July 2000 superstorm.
SUMMARy AnD ConCLUSIonS
Plasma redistribution during large storms is a multistep systemwide process involving and coupling processes and regions at equatorial, low, mid, auroral, and polar latitudes acting under the influence of storm-time drivers of the coupled system. Penetration electric fields enhance the uplift and redistribution of the equatorial ionosphere to form enhancements of the equatorial ionization anomaly peaks at low latitudes. Polarization electric field effects at the dusk terminator act to redistribute this elevated TEC further in both longitude and latitude. Plasma redistribution at the dusk PT is most pronounced in northern hemisphere summer conditions and in the western Atlantic sector. This creates a preferred longitude for the formation of TEC enhancements at low mid latitudes at the base of the erosion plumes in the PbL.
Energetic particle injection into the storm-time ring current leads to the formation of strong poleward-directed SAPS electric fields in the evening to postnoon sector as field-aligned currents close through the low-conductivity subauroral ionosphere. The SAPS electric fields overlap the outer plasmasphere and the TEC enhancements formed by low-latitude redistribution effects drawing out plumes of SED. Convection in the SAPS channel transports the eroded material to the noontime cusp in the ionosphere and to the dayside magnetopause at high altitudes. These greatly enhanced fluxes of cold plasma traverse the cusp and enter the polar cap forming the polar tongue of ionization and providing a rich source of heavy ions for the magnetospheric injection and acceleration mechanisms that operate in these regions.
